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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 

AN 2002:272761 USPATFULL 

TI Directed evolution of novel binding proteins 

IN Ladner, Robert Charles, Ijamsville, MD, UNITED STATES 

Guterman, Sonia Kosow, Belmont, MA, UNITED STATES 

Roberts, Bruce Lindsay, Milford, MA, UNITED STATES ' 

Markland, William, Milford, MA, UNITED STATES 

Ley, Arthur Charles, Newton, MA, UNITED STATES 

Kent, Rachel Baribault, Boxborough, MA, UNITED STATES 
PI US 2002150881 Al 20021017 

AI US 2001-781988 Al 20010214 (9) 

RLI Continuation of Ser. No. US 1998-192067, filed on 16 Nov 1998, ABANDONED 
Continuation of Ser. No. US 1995-415922, filed on 3 Apr 1995, PATENTED 
Continuation of Ser. No. US 1993-9319, filed on 26 Jan 1993, PATENTED 
Division of Ser. No. US 1991-664989, filed on 1 Mar 1991, PATENTED 
Continuation-in-part of Ser. No. US 1990-487063, filed on 2 Mar 1990, 
ABANDONED Continuation-in-part of Ser. No. US 1988-240160, filed on 2 
Sep 198 8, ABANDONED 

PRAI WO 1989-US3731 19890901 

DT Utility 

FS APPLICATION 

LREP BROWDY AND NEIMARK, P.L.L.C., 624 Ninth Street, N.W., Washington, DC, 
20001 

CLMN Number of Claims: 18 
ECL Exemplary Claim: 1 
DRWN 16 Drawing Page(s) 
LN.CNT 15696 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L7 ANSWER 2 OF 21 USPATFULL 

AB A strategically modified hepatitis B core protein is described, where an 
insert is provided, preferably in an immunodominant region of the 
nucleocapsid protein, containing a chemically reactive amino acid 
residue. The modified hepatitis B core protein or its aggregated 
nucleocapsid protein particles can be pendently linked to a hapten to 
form a modified nucleocapsid conjugate. Such a conjugate is useful in 
the preparation of vaccines or antibodies. The modified 
hepatitis B core protein can also be modified to include a T cell 
epitope . 
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AB Based on the prediction of the hydrophilicity, epitopes, secondary 

structure and flexibility of the CS3 subunit, a novel vector pCSX72 which 
permits the insertion of foreign epitopes into CS3 at 

the position of 72nd aa was constructed. Two epitopes, the VPl of FMDV and 
a ten-peptides epitope of C-myc, were displayed with it respectively. 
Compared with the two previously-constructed vectors, the vector pCSX72 
expressed the hybrid fimbriae in higher level. Mice 

produced dual immune response against the CS3 and the inserted epitopes 
when they were immunized by injecting the live recombinant bacteria 
intraperitoneally . 
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AB The gene fragments coding for C3 epitope of poliovirus and a ten-peptides 
epitope of C-myc were synthesized and inserted into pCSB136 and pCSX72 
resp. to confirm the possibility of pCSB136 and pCSX72 as vectors for 
displaying heterologous epitopes. The recombinants were screened by 
whole-strain PCR. The expression of recombinant proteins were detected by 
whole-cell ELISA and electronic microscopy. The results indicated the 
recombinant proteins were expressed as hybrid fimbriae 
, and the antigenicity of both CS3 and inserted epitopes kept. All 
results above showed vectors pCSB136 and pCSX72 could be used to display 
the foreign epitopes . 
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AB A method of generating chimeric genes encoding a fusion 

product of the agfA fimbrin and a foreign protein, such as an antigen, in 
a Salmonella host by chromosomal gene replacement is described. One 
embodiment of the invention is exemplified by the expression of a model 
epitope (PT3) obtained from the GP63 protein of Leishmania major, by 
formation of recombinant agfA genes encoding PT3 fusing proteins 




recombined at 10 different sites throughout the agfA gene. These 
fusions are shown to be expressed in the thin aggregative 
fimbriae on the surface of bacterial cell. The AgfA fimbrin of 
Salmonella (CsgA for E. coli) provides a flexible and stable vehicle for 
the expression of foreign epitopes in 

enterobacteriaceae and the subsequent thin aggregative fimbrae (curli) 
expression product provide an ideal organelle for presentation of the 
foreign epitopes at the cell surface. 
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AB A CS31A protein capsule subunit having an aminoacid sequence modified by 
at least one heterologous peptide, the CS31A protein capsule comprising 
said subunit, and micro-organisms having the CS31A protein capsule with 
its subunit aminoacid sequence modified by at least one heterologous 
peptide, are disclosed. Methods for preparing said subunits, CS31A 
protein capsules comprising same, and micro-organisms having CS31A 
protein capsules, as well as the use thereof for preparing vaccines, 
producing peptides and preparing immunoassays, are also disclosed. 
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AB The present invention is concerned with vaccination of mammals against 

GnRH. The vaccine comprises a GnRH peptide conjugate to E. coli 
f imbrial-f ilaments and elicits an immune response against GnRH. 
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AB Recombinant live oral vaccines expressing pathogen-derived antigens offer 
a unique set of attractive properties. Among these are the simplicity of 
administration, the capacity to induce mucosal and systemic immunity, and 
the advantage of permitting genetic manipulation for optimal antigen 
presentation. In this study, the benefit of having a heterologous antigen 
expressed on the surface of a live vector rather than intracellularly was 
evaluated. Accordingly, the immune response of mice immunized with a 
Salmonella enterica serovar Typhimurium vaccine strain expressing the 
Escherichia coli 987P fimbrial antigen on its surface (Fas+) was compared 
with the expression in the periplasmic compartments (Fas-) . Orally 
immunized BALB/c mice showed that 987P fimbriated Salmonella serovar 
Typhimurium CS3263 (aroA asd) with pCSlSl (fas+ asd+) elicited a 
significantly higher level of 987P-specif ic systemic immunoglobulin G 
(IgG) and mucosal IgA than serovar Typhimurium CS3263 with pCS152 (fasD 
mutant, asd+) expressing 987P periplasmic antigen. Further studies were 
aimed at determining whether the 987P fimbriae expressed by 
serovar Typhimurium chi4550 (cya crp asd) could be used as carriers of 
foreign epitopes. For this, the vaccine strain was 
genetically engineered to express chimeric fimbriae 

carrying the transmissible gastroenteritis virus (TGEV) C (379-388) and A 
(521-531) epitopes of the spike protein inserted into the 987P major 
fimbrial subunit FasA. BALB/c mice administered orally serovar Typhimurium 
chi4550 expressing the chimeric fimbriae from the tet 

promoter in pCS154 (fas+ asd+) produced systemic antibodies against both 
fimbria and the TGEV C epitope but not against the TGEV A epitope. To 
improve the immunogenicity of the chimeric fimbriae, 

the in vivo inducible nirB promoter was inserted into pCS154, upstream of 
the fas genes, to create pCS155 . In comparison with the previously used 
vaccine, BALB/c mice immunized orally with serovar Typhimurium 
chi4550/pCS155 demonstrated significantly higher levels of serum IgG and 
mucosal IgA against 987P fimbria. Moreover, mucosal IgA against the TGEV C 




epitope was only detected with serovar Typhimurium chi4550/pCS155 . The 
induced antibodies also recognized the epitopes in the context of the 
full-length TGEV spike protein. Hence, immune responses to heterologous 
chimeric fimbriae on Salmonella vaccine vectors can be 
optimized by using promoters known to be activated in vivo. 
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AB Objective: To construct the display vector based on the CS3 pili 

of enterotoxigenic Escherichia coli . Methods: The secondary structure 
antigen epitopes, hydrophilicity and flexibility of CS3 subuhit were 
predicted with the Goldkey software. Based on the prediction, the site for 
inserting heterologous epitopes was chosen. Mutation was done using the 
overlapping extent ion PGR. The gene fragment coding for the VPl of 
foot -mouth disease virus (FMDV) was 

synthesized and inserted into CS3 . The surface expression of 
hybrid protein was examined using whole-cell ELISA, electron 
microscopy and immuno- electron microscopy. Mice were immunized by 
injecting the recombinant bacteria intraperitoneally to evaluate the 
immunogenicity of the hybrid proteins. Results: The VPl of FMDV 
was displayed on the surface of the recombinant cells. The fusion 
proteins were expressed as hybrid pili. Mice produced 

antibody response against CS3 and the VPl of FMDV. Conclusion: The CS3 
pili can be a vector to express the foreign 

epitopes on the surface of the recombinant cells, and it may 

probably be an expression vector for the construction of the live gene 

engineering vaccine. 
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AB The display of peptide segments on the surface of bacteria offers many 

new and exciting applications in biotechnology and medical research. 
Fimbria-assisted display of heterologous sequences is a paradigm for 
chimeric organelle display on bacteria. Fimbriae are particularly 
attractive candidates for epitope display for several reasons: (1) they 
are present in extremely high numbers at the cell surface, (2) they are 
strong immunogens, (3) they possess inherent adhesive properties, and (4) 
they can be easily purified. The majority of work dealing with 
fimbria-assisted peptide display has been focused on the development of 



recombinant vaccines. A number of different fimbrial types have been used 
to display immune -relevant sectors of various foreign proteins. 
Chimeric fimbrial vaccines can be used in the context of purified 
proteins, however the potential also exists to exploit this technology for 
the development of live recombinant vaccines. Work has also bern performed 
demonstrating the amenability of fimbriae towards the powerful 
technology of random peptide display. This review summarises the current 
state of research in this field. 
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5 

AB The strong immunogenicity of bacterial fimbriae results from 

their polymeric and proteinaceous nature, and the protective role of these 
immunogens in experimental or commercial vaccines is associated with their 
capacity to induce antiadhesive antibodies. Fimbria-mediated intestinal 
colonization by enteropathogens typically leads to similar antibody 
responses. The possibility of taking advantage of these properties was 
investigated by determining whether enteroadhesive fimbriae, 
like the 987P fimbriae of enterotoxigenic Escherichia coli, can 
serve as carriers for foreign antigens without losing their adhesive 
characteristics. Random linker insertion mutagenesis of the fasA gene 
. encoding the major 987P subunit identified five different mutants 

expressing wild-type levels of fimbriation. The linker insertion sites of 
these mutants were used to introduce three continuous segments of viral 
surface glycoproteins known to be accessible to antibodies. These segments 
encode residues 11 to 19 or 272 to 279 of herpes simplex virus type 1 
(HSV-1) glycoprotein D (gD(ll-19) and gD (272 -279) , respectively) or 
residues 379 to 388 of the transmissible gastroenteritis virus (TGEV) 
spike protein (S (379-388 )) . Studies of bacteria expressing 
fimbriae incorporating mutated FasA subunits alone or together 
with wild-type FasA subunits (hybrid fimbriae) 
indicated that foreign epitopes were best exported and 
displayed on assembled fimbriae when they were inserted near the 
amino terminus of FasA. Fimbriated bacteria expressing FasA subunits 
carrying the HSV gD (11-19) or the TGEV S (379-388) epitope inserted between 
the second and third residues of mature FasA elicited high levels of 
foreign epitope antibodies in all rabbits immunized parenterally . 
Antibodies against the HSV epitope were also shown to recognize the 
epitope in the context of the whole gD protein. Because the 987P adhesive 
subunit FasG was shown to be present on mutated fimbriae and to 
mediate bacterial attachment to porcine intestinal receptors, polymeric 
display of foreign epitopes on 987P offers new 

opportunities to test the potential beneficial effect of enteroadhesion 
for mucosal immunization and protection against various enteric pathogens. 
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transmissible gastroenteritis virus surface proteins on an enteroadherent 
fimbria . 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB The present invention is concerned with vaccination of mammals against 

GnRH. The vaccine comprises a GnRH peptide conjugate to E. coli 
fimbrial- filaments and elicits an immune response against GnRH. 
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TI Carrier system against GNRH 
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AB The potential of the major structural protein of type 1 

fimbriae as a display system for heterologous sequences was 
tested. As a reporter-epitope , a heterologous sequence mimicking a 
neutralizing epitope of the cholera toxin B chain was inserted, in one or 
two copies, into four different positions in the fimA gene. This was 
carried out by introduction of new restriction sites by PCR-mediated 
site-directed mutagenesis of fimA in positions predicted to correspond to 
optimally surface-located regions of the subunit protein. Subsequently, 
the synthetic cholera- toxin-encoding DNA segment was inserted. Several of 
the chosen positions seemed amenable even for large foreign inserts; the 
chimeric proteins were exposed on the bacterial surface and the 
cholera toxin epitope was authentically displayed, i.e. it was recognized 
on bacteria by specific antiserum. Display of chimeric 
fimbriae was tested with respect to host background in three 
different Escherichia coli strains, i.e. an isogenic set of K-12 strains, 
differing in the presence of an indigenous fim gene cluster, as well as a 
wild-type isolate. Immunization of rabbits with purified chimeric 
fimbriae resulted in serum which specifically recognized cholera 
toxin B chain, confirming the utility of the employed strategy. 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
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package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB The present invention relates to recombinant vector/host systems which 

can direct the expression of foreign genes under the control of the 
Heliothis polyhedrin promoter. Using the systems of the present 
invention, a heterologous gene of interest can be expressed as an 
unfused peptide or protein, a fusion protein, or as a 
recombinant occlusion body which comprises crystallized polyhedrin 
fusion proteins bearing the heterologous gene product on the 
surface of or within the occlusion body. The recombinant proteins or 
occlusion bodies of the present invention have uses in vaccine 
formulations and immunoassays, as biological insecticides, and as 
expression systems for the production of foreign peptides or proteins. 
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TI Heliothis expression systems 
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6 

AB The K88 fimbriae of enterotoxigenic Escherichia coli are 

strongly immunogenic antigens that can be used to evoke protective 

immunity. To find out whether these fimbriae can be used as 

carriers for foreign epitopes, a high variable region 

present in the primary structure of the different K8 8 variants was 

replaced with five different heterologous epitopes to investigate to what 

extent these insertions affected the expression, assembly (biogenesis) , 

stability and immunogenic properties of the resulting hybrid 

fimbriae. Amino acid residues 163-173, were replaced using 

site-directed in vitro mutagenesis and the hybrid 

fimbriae were tested for these aspects using ELISA, 

immunoelectronmicroscopy and immunoblotting. Replacement of this highly 

variable region did not affect the biosynthesis of fimbriae, 

although all mutations tested resulted in a reduced expression depending 

on the epitope inserted. Testing of the different hybrid 

fimbriae with a panel of monoclonal antibodies raised against the 

various K88 serotypes K88ab, K88ac and K88ad indicated that replacement of 

amino acid sequence 163-173 did not affect conserved or K88ab specific 

epitopes but the K88ac and K88ad specific conformation was lost. 

Immunization with hybrid fimbriae raises antibodies 

specific for the inserted heterologous epitopes. 
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7 

AB Hypervariable regions (HRs) of the major subunit of Fll fimbriae 
were exploited for insertion of foreign epitopes. Two 

insertion vectors were created that contain a unique cloning site in HRl 
or HR4 respectively. Several oligonucleotides, coding for antigenic 
determinants derived from different pathogens, were cloned in both 
insertion vectors. Hybrid fimbrial subunits were generally shown 
to be assembled in fimbriae when the length of the inserted 
peptide did not exceed 14 amino acids. The inserted peptides appeared to 
be exposed in the fimbrial content. One hybrid fimbrial protein 
induced detectable levels of antibodies against the inserted epitope if 
injected into mice. 
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AB The present invention is directed to recombinant baculoviruses which 

encode fusion polyhedrin proteins capable of forming occlusion 
bodies containing foreign peptides. The recombinant baculoviruses of the 
invention are formed by insertion into or replacement of regions of the 
polyhedrin gene that are not essential for occlusion body formation, 
with foreign DNA fragments by recombinant DNA techniques. The 
recombinant occlusion bodies produced in accordance with the present 
invention have uses in vaccine formulations, immunoassays, 
immobilized enzyme reactions, as biological insecticides, and as 
expression vectors. 
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AB The present invention provides bacterial immunogenic agents for 

administration to humans and non-human animals to stimulate an immune 
. response. Also provided are methods for vaccination of mammalian 

species, especially human patients, with variants of the E. coli FimH 
protein, said variants being derived from different strains of E. coli, 
and to production of antibodies that protect the vaccine 
recipient against infection by pathogenic bacterial species. In another 
aspect the invention provides antibodies against such proteins and 
protein complexes that may be used as diagnostics and/or as 
protective/treatment agents for pathogenic bacterial species. A 
plasmid-based method of producing polypeptides, especially fused 
polypeptides, such as the complex of a bacterial chaperone and a 
bacterial adhesin, is also disclosed. 
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TI FimH adhesin proteins and methods of use 
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AB The invention relates to compositions for the induction of anti-IgE 

antibodies in order to prevent or inhibit IgE-mediated disorders. The 
compositions contain carriers foreign to the immunized human or animal 
coupled to polypeptides containing fragments of the IgE molecule. The 
fragment of the IgE molecule includes the constant CHI and/or the CH4 
domain of the IgE molecule. The composition is administered to humans or 
animals in order to induce antibodies specific for endogenous IgE 
antibodies. These induced anti-IgE antibodies reduce or eliminate the 
pool of free IgE in the serum. Since many allergic diseases are mediated 
by IgE, IgE-mediated disorders are ameliorated in treated mammals. 
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TI Compositions for inducing self -specif ic anti-IgE antibodies and uses 

thereof 
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AB A method of producing pill and vaccines containing 



pili are described using bacteria that express at least one 
immunogenic peptide in a PapA region that does not normally 
contain such a peptide. 
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TI Immunogenic pili presenting foreign peptides, their production 

and use 
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AB A protein construct comprising a pilus protein portion, preferably a 

structurally stabilized pilus-protein, and an additional, or effector, 
portion other than a pilus protein or chaperone and wherein said 
effector portion serves to stabilize the pilus protein portion and to 
confer a therapeutic activity, such as vaccine activity or 
anti-microbial or anticancer activity, on the protein construct is 
disclosed. Such effector portion commonly comprises a donor strand 
complementary segment capable of structurally stabilizing a pilus 
protein subunit and attaching the auxiliary portion to said subunit to 
form the pilus protein analog of the invention. Methods of using said 
protein constructs are also disclosed as well as the formation and use 
of analogs comprising fragments of a pilus protein linked to effector 
components to produce immunogenic and/or therapeutic activity. 
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AB The present invention relates to novel genes located in two chromosomal 

regions within uropathogenic E. coli that are associated with virulence. 
These chromosomal regions are known as pathogenicity islands (PAIs) . In 
particular, the present application discloses 142 sequenced fragments 
(contigs) of DNA from two pools of cosmids covering pathogenicity 
islands PAI IV and PAI V located on the chromosome of the uropathogenic 
Escherichia coli J96. Further disclosed are 351 predicted protein-coding 
open reading frames within the sequenced fragments. 
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AB A method of producing pill and vaccines containing 

pili is described using bacteria harboring mutations that 
facilitate detachment of pili from the bacteria. Wild type 
pili have known immunoprotective effects in treating urinary 
tract infections. The mutant pili produced by this method are 
also shown to have such immunoprotective effects. Therefore, the 
pili may be used to make vaccines for treating urinary 
tract infections. 
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AB A the authors disclose the prepn. and isolation of pili from 

Escherichia coli with deletional mutations in papH. In a mouse model of 
pyelonephritis, vaccination with these pili prevented renal 
colonization. In addn., the authors disclose epitopes of papA 
and the use of these immunogenic peptide in a PapA region that 
does not normally contain such a peptide. 
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The present invention relates to novel genes located in two chromosomal 
regions within uropathogenic E. coli that are associated with virulence. 
These chromosomal regions are known as pathogenicity . islands (PAIs) . In 
particular, the present application discloses 142 sequenced fragments 
(contigs) of DNA from two pools of cosmids covering pathogenicity 
islands PAI IV and PAI V located on the chromosome of the uropathogenic 
Escherichia coli J96. Further disclosed are 351 predicted protein-coding 
open reading frames within the sequenced fragments . 
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AB The DegP (HtrA) protease is a multifunctional protein essential for the 

removal of mis folded and aggregated proteins in the periplasm. The 
present invention provides an assay for inhibitors of DegP activity, 
comprising mixing a suspected inhibitor of DegP activity with DegP and a 
suitable substrate (preferably a native substrate of DegP such as 
PapA) and detecting changes in DegP activity. DegP has been 
shown to be essential for virulence in several Gram negative pathogens. 
Only three natural targets for DegP have been described: colicin A lysis 
protein (Cal) , pilin subunits (K88, K99, Pap) and recently HMWl and HMW2 
from Hemophilus influenzae. In vitro, DegP has shown weak protease 
activity on casein and several other non-native substrates. The present 
inventors have identified the major pilin subunit of the Pap pilus, 
PapA, as a native DegP substrate, and demonstrated binding and 
proteolysis of this substrate in vitro. Using an NH.sub.2 -terminal 
affinity tag the present inventor^ have purified PapA away 



from the PapD chaperone, in the presence of denaturant, to use as a 
proteolysis substrate. This finding will allow the identification of the 
DegP recognition and cleavage sites in substrate proteins, and further, 
allow the design of small molecule inhibitors of protease function. 
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AB An antigen which, as its major immunizing component, comprises a 

determinant of an adhesin polypeptide or an immunogenically active 
subsequence thereof or a precursor therefor which is convertible to an 
immunogenically active form, antibodies against which determinant react 
with the adhesin polypeptide produced by pathogenic adhesin- forming 
bacteria which adhere to mammalian tissue, antibodies against such 
antigen, and DNA expressing, as a principal gene product thereof, such 
antigen. 
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AB An antigen which, as its major immunizing component, comprises a 

determinant of an adhesin polypeptide or an immunogenically active 
subsequence thereof or a precursor therefor which is convertible to an 
immunogenically active form, antibodies against which determinant react 
with the adhesin polypeptide produced by pathogenic adhesin -forming 
bacteria which adhere to mammalian tissue, antibodies against such 
antigen, and DNA expressing, as a principal gene product thereof, such 
antigen . 
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TI Vaccines against disease caused by pathogenic pilus -forming 

bacteria 
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L14 ANSWER 12 OF 13 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC . DUPLICATE 
1 

AB Pyelonephritis -associated pill (Pap) are important in the 

pathogenesis of ascending, unobstructive Escherichia coli-caused renal 
infections because these surface bacterial organelles mediate 
diagalactoside-specif ic binding to host uroepithelial cells. Pap are 
composed of many different polypeptides, of which only the tip proteins 
mediate specific binding. The PapA moiety polymerizes to form 
the bulk of the pilus structure and has been employed in vaccines 
despite its lack of Gal , alpha . (1-4 ) Gal receptor specificity. Animal 
recipients of PapA pilus -based vaccines are protected 

against experimental pyelonephritis caused by homologous and heterologous 
Gal -Gal -binding uropathogenic E. coli strains. Specific PapA 
immunoglobulin G antibodies in urine are correlated with protection in 
these infection models. The nucleotide sequences of the gene encoding 
PapA were determined for three E. coli clones expressing F71, F72, 
and F9 pill and were compared with corresponding sequences for 
other F serotypes. Specific rabbit antisera were employed in enzyme-linked 
immunosorbent assays to study the cross -reactivity between Gal -Gal 
pili purified from recombinant strains expressing F71, F72, F9, or 



F13 pili and among 60 Gal -Gal -binding wild-type strains. We 

present data which corroborate the concept that papA genes are 

highly homologous and encode proteins which exhibit > 7 0% homology among 

pili different serotypes. The differences primarily occur in the 

cysteine -cysteine loop and variable regions and constitute the basis for 

serological diversity of these pili. Although there are 

differences in primary structures among these pili, antisera 

raised against pili of one serotype cross-reacted frequently 

with many other Gal-Gal pili of different serotypes. 

Furthermore, antisera raised against pili of the F13 serotype 

cross-reacted strongly or moderately with 52 (86%) of 60 wild-type 

Gal -Gal-binding E. coli strains. These data suggest that there are common 

immunogenic domains among these proteins. These additional data further 

support the hypothesis that broadly cross-protective PapA pilus 

vaccines for the immunoprophylaxis of pyelonephritis might be 

developed. 
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AB An antigen which, as its major immunizing component, comprises a 

determinant of an adhesin polypeptide or an immunogenically active 
subsequence thereof or a precursor therefor which is convertible to an 
immunogenically active form, antibodies against which determinant react 
with the adhesion polypeptide produced by pathogenic adhesin- forming 
bacteria which adhere to mammalian tissue, antibodies against such 
antigen, and DNA expressing, as a principal gene product thereof, such 
antigen . 
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TI Adhesin antigens, antibodies and DNA fragment encoding the antigen, 

methods and means for diagnosis and immunization etc. 
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AB In order to obtain a novel binding protein against a chosen target ^ DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein . 
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AB A method of producing pili and vaccines containing 

pill are described using bacteria that express at least one 

immunogenic peptide in a PapA region that does not normally contain such 

a peptide. 
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TI Immunogenic pili presenting foreign peptides, their production 

and use 
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AB The invention features method of inhibiting angiogenesis in a subject. 

The method includes decreasing syndecan-4 activity or expression in a 

cell, tissue, or subject. 
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TI Methods of modulating wound healing and angiogenesis 
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AB The invention provides a highly efficient, rapid, and cost effective 

method of linking nucleic acid components in a predetermined order to 
produce a nucleic acid multi component construct. The invention further 
provides nucleic acid components, each nucleic acid component comprising 
a double stranded nucleic acid molecule having at least one single 
stranded 5' or 3 ' terminal sequence, the terminal sequence having 
sufficient complementarity to either a terminal sequence in a separate 
nucleic acid component or to a sequence in a linking nucleic acid 
molecule so as to allow for specific annealing of complementary 
sequences and linkage of the components in a predetermined order. Kits 
containing reagents required to practice the method of the invention are 
also provided. 
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AB A strategically modified hepatitis B core protein is described, where an 
insert is provided, preferably in an immunodominant region of the 
nucleocapsid protein, containing a chemically reactive amino acid 
residue. The modified hepatitis B core protein or its aggregated 
nucleocapsid protein particles can be pendently linked to a hapten to 
form a modified nucleocapsid conjugate. Such a conjugate is useful in 



the preparation of vaccines or antibodies. The modified 
hepatitis B core protein can also be modified to include a T cell 
epitope . 
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AB Transgenically produced prolactin and methods of making and using 

transgenically produced prolactin are disclosed. 
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TI Transgenically produced prolactin 
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L6 ANSWER 7 OF 24 CAPLUS COPYRIGHT 2 002 ACS 

AB A method of generating chimeric genes encoding a fusion product of the 
agfA fimbrin and a foreign protein, such as an antigen, in a Salmonella 
host by chromosomal gene replacement is described. One embodiment of the 
invention is exemplified by the expression of a model epitope (PT3) 
obtained from the GP63 protein of Leishmania major, by formation of 
recombinant agfA genes encoding PT3 fusing proteins recombined at 10 
different sites throughout the agfA gene. These fusions are shown to be 
expressed in the thin aggregative fimbriae on the surface of 
bacterial cell. The AgfA fimbrin of Salmonella (CsgA for E. coli) 
provides a flexible and stable vehicle for the expression of 
foreign epitopes in enterobacteriaceae and the 

subsequent thin aggregative fimbrae (curli) expression product provide an 
ideal organelle for presentation of the foreign epitopes 
at the cell surface. 
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surface of a bacterial host 
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AB The present invention is directed to recombinant genes and their encoded 

proteins which are recombinant flagellin fusion proteins. Such fusion 
proteins comprise amino acid sequences specifying an epitope encoded by 
a flagellin structural gene and an epitope of a heterologous organism 
which is immunogenic upon introduction of the fusion protein into a 
vertebrate host. The recombinant genes and proteins of the present 
invention can be used in vaccine formulations, to provide 
protection against infection by the heterologous organism, or to provide 
protection against conditions or disorders caused by an antigen of the 
organism. In a specific embodiment, attenuated invasive bacteria 
expressing the recombinant flagellin genes of the invention can be used 
in live vaccine formulations. The invention is illustrated by 
way of examples in which epitopes of malaria circumsporozoite antigens, 
the B subunit of Cholera toxin, surface and presurface antigens of 
Hepatitis B. VP7 polypeptide of rotavirus, envelope glycoprotein of HIV, 
and M protein of Streptococcus, are expressed in recombinant flagellin 
fusion proteins which assemble into functional flagella, and which 
provoke an immune response directed against the heterologous epitope, in 
a vertebrate host. 
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A CS31A protein capsule subunit having an aminoacid sequence modified by 
at least one heterologous peptide, the CS31A protein capsule comprising 
said subunit; and micro-organisms having the CS31A protein capsule with 
its subunit aminoacid sequence modified by at least one heterologous 
peptide, are disclosed. Methods for preparing said subunits, CS31A 
protein capsules comprising same, and micro-organisms having CS31A 
protein capsules, as well as the use thereof for preparing 
vaccines,, producing peptides and preparing immunoassays, are 
also disclosed. 
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AB The present invention is concerned with vaccination of mammals against 

GnRH. The vaccine comprises a GnRH peptide conjugate to E . 
coli f imbrial-f ilaments and elicits an immune response against GnRH. 
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AB Recombinant live oral vaccines expressing pathogen-derived 




antigens offer a unique set of attractive properties. Among these are the 

simplicity of administration, the capacity to induce mucosal and systemic 

immunity, and the advantage of permitting genetic manipulation for optimal 

antigen presentation. In this study, the benefit of having a heterologous 

antigen expressed on the surface of a live vector rather than 

intracellularly was evaluated. Accordingly, the immune response of mice 

immunized with a Salmonella enterica serovar Typhimurium vaccine 

strain expressing the Escherichia coli 987P fimbrial antigen on its 

surface (Fas+) was compared with the expression in the periplasmic 

compartments (Fas-) . Orally immunized BALB/c mice showed that 987P 

fimbriated Salmonella serovar Typhimurium CS3263 (aroA asd) with pCSlSl 

(fas+ asd+) elicited a significantly higher level of 987P-specif ic 

systemic immunoglobulin G (IgG) and mucosal IgA than serovar Typhimurium 

CS3263 with pCS152 (fasD mutant, asd+) expressing 987P periplasmic 

antigen. Further studies were aimed at determining whether the 987P 

fimbriae expressed by serovar Typhimurium chi4550 (cya crp asd) 

could be used as carriers of foreign epitopes. For 

this, the vaccine strain was genetically engineered to express 

chimeric fimbriae carrying the transmissible gastroenteritis 

virus (TGEV) C (379-388) and A (521-531) epitopes of the spike protein 

inserted into the 987P major fimbrial subunit FasA. BALB/c mice 

administered orally serovar Typhimurium chi4550 expressing the chimeric 

fimbriae from the tet promoter in pCS154 (fas+ asd+) produced 

systemic antibodies against both fimbria and the TGEV C epitope 

but not against the TGEV A epitope. To improve the immunogenicity of the 

chimeric fimbriae, the in vivo inducible nirB promoter was 

inserted into pCS154, upstream of the fas genes, to create pCS155. In 

comparison with the previously used vaccine, BALB/c mice 

immunized orally with serovar Typhimurium chi4550/pCS155 demonstrated 

significantly higher levels of serum IgG and mucosal IgA against 987P 

fimbria. Moreover, mucosal IgA against the TGEV C epitope was only 

detected with serovar Typhimurium chi4550/pCS155 . The induced antibodies 

also recognized the epitopes in the context of the full-length TGEV spike 

protein. Hence, immune responses to heterologous chimeric fimbriae 

on Salmonella vaccine vectors can be optimized by using 

promoters known to be activated in vivo. 
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AB A review, with 50 refs., discussing fimbrial display of foreign 
epitopes, heterologous antigen display, antigen display by other 
fimbriae, and random library display. 
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AB Objective: To construct the display vector based on the CS3 pili 

of enterotoxigenic Escherichia coli. Methods: The secondary structure 
antigen epitopes, hydrophilicity and flexibility of CS3 subunit were 
predicted with the Goldkey software. Based on the prediction, the site for 
inserting heterologous epitopes was chosen. Mutation was done using the 
overlapping extention PGR. The gene fragment coding for the VPl of 
foot-mouth disease virus (FMDV) was synthesized and inserted into CS3 . The 
surface expression of hybrid protein was examined using whole-cell ELISA, 
electron microscopy and immuno- electron microscopy. Mice were immunized by 
injecting the recombinant bacteria intraperitoneally to evaluate the 
immunogenicity of the hybrid proteins . Results : The VPl of FMDV was 
displayed on the surface of the recombinant cells. The fusion proteins 
were expressed as hybrid pili. Mice produced antibody response 
against CS3 and the VPl of FMDV. Conclusion: The CS3 pili can be 
a vector to express the foreign epitopes on the 

surface of the recombinant cells, and it may probably be an expression 
vector for the construction of the live gene engineering vaccine 
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AB The display of peptide segments on the surface of bacteria offers many 

new and exciting applications in biotechnology and medical research. 
Fimbria-assisted display of heterologous sequences is a paradigm 
for chimeric organelle display on bacteria. Fimbriae are particularly 
attractive candidates for epitope display for several reasons: (1) they 
are present in extremely high numbers at the cell surface, (2) they are 
strong immunogens , (3) they possess inherent adhesive properties, and (4) 
they can be easily purified. The majority of work dealing with 
fimbria-assisted peptide display has been focused on the 
development of recombinant vaccines. A number of different 
fimbrial types have been used to display immune -re levant sectors of 
various foreign proteins. Chimeric fimbrial vaccines can be used 
in the context of purified proteins, however the potential also exists to 
exploit this technology for the development of live recombinant 
vaccines. Work has also bern performed demonstrating the 
amenability of fimbriae towards the powerful technology of 
random peptide display. This review summarises the current state of 
research in this field. 
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AB The strong immunogenicity of bacterial fimbriae results from 

their polymeric and proteinaceous nature, and the protective role of these 
immunogens in experimental or commercial vaccines is associated 
with their capacity to induce antiadhesive antibodies. Fimbria 
-mediated intestinal colonization by enteropathogens typically leads to 
similar antibody responses. The possibility of taking advantage of these 
properties was investigated by determining whether enteroadhesive 
fimbriae, like the 987P fimbriae of enterotoxigenic 

Escherichia coli, can serve as carriers for foreign antigens without 
losing their adhesive characteristics. Random linker insertion mutagenesis 
of the fasA gene encoding the major 987P subunit identified five different 
mutants expressing wild- type levels of fimbriation. The linker insertion 
sites of these mutants were used to introduce three continuous segments of 
viral surface glycoproteins known to be accessible to antibodies. These 
segments encode residues 11 to 19 or 272 to 279 of herpes simplex virus 
type 1 (HSV-1) glycoprotein D (gD(ll-19) and gD(272-279), respectively) or 
residues 379 to 388 of the transmissible gastroenteritis virus (TGEV) 
spike protein (S (379-388) ) . Studies of bacteria expressing 
fimbriae incorporating mutated FasA subunits alone or together 
with wild-type FasA subunits (hybrid fimbriae) indicated that 
foreign epitopes were best exported and displayed on 
assembled fimbriae when they were inserted near the amino 
terminus of FasA. Fimbriated bacteria expressing FasA subunits carrying 
the HSV gD (11-19) or the TGEV S (379-388) epitope inserted between the 
second and third residues of mature FasA elicited high levels of foreign 
epitope antibodies in all rabbits immunized parenterally . Antibodies 
against the HSV epitope were also shown to recognize the epitope in the 
context of the whole gD protein. Because the 987P adhesive subunit FasG 
was shown to be present on mutated fimbriae and to mediate 

bacterial attachment to porcine intestinal receptors, polymeric display of 
foreign epitopes on 987P offers new opportunities to 
test the potential beneficial effect of enteroadhesion for mucosal 
immunization and protection against various enteric pathogens. 
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molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB The present invention is concerned with vaccination of mammals against 

GnRH. The vaccine comprises a GnRH peptide conjugate to E. 
coli f imbrial-f ilaments and elicits an immune response against GnRH. 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 

AN 96:101466 USPATFULL 

TI Directed evolution of novel binding proteins 

IN Ladner, Robert C, Ijamsville, MD, United States 

Guterman, Sonia K. , Belmont, MA, United States 

Roberts, Bruce L., Milford, MA, United States 

Markland, William, Milford, MA, United States 

Ley, Arthur C, Newton, MA, United States 

Kent, Rachel B., Boxborough, MA, United States 
PA Protein Engineering Corporation, Cambridge, MA, United States (U.S. 

corporation) 
PI US 5571698 19961105 

AI US 1993-57667 19930618 (8) 

DCD 20100629 

RLI Continuation of Ser. No. US 1991-664989, filed on 1 Mar 1991, now 

patented, Pat. No. US 5223409 which is a continuation-in-part of Ser. 
No. US 1990-487063, filed on 2 Mar 1990, now abandoned which is a 
continuation-in-part of Ser. No. US 1988-240160, filed on 2 Sep 1988, 
now abandoned 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment. 



the first family of potential binding domains is related to bovine 
' pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB In order to obtain a novel binding protein against a chosen target, DNA 

molecules, each encoding a protein comprising one of a family of similar 
potential binding domains and a structural signal calling for the 
display of the protein on the outer surface of a chosen bacterial cell, 
bacterial spore or phage (genetic package) are introduced into a genetic 
package. The protein is expressed and the potential binding domain is 
displayed on the outer surface of the package. The cells or viruses 
bearing the binding domains which recognize the target molecule are 
isolated and amplified. The successful binding domains are then 
characterized. One or more of these successful binding domains is used 
as a model for the design of a new family of potential binding domains, 
and the process is repeated until a novel binding domain having a 
desired affinity for the target molecule is obtained. In one embodiment, 
the first family of potential binding domains is related to bovine 
pancreatic trypsin inhibitor, the genetic package is M13 phage, and the 
protein includes the outer surface transport signal of the M13 gene III 
protein. 
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AB The present invention relates to recombinant vector/host systems which 

can direct the expression of foreign genes under the control of the 
Heliothis polyhedrin promoter. Using the systems of the present 
invention, a heterologous gene of interest can be expressed as an 
unfused peptide or protein, a fusion protein, or as a recombinant 
occlusion body which comprises crystallized polyhedrin fusion proteins 
bearing the heterologous gene product on the surface of or within the 
occlusion body. The recombinant proteins or occlusion bodies of the 
present invention have uses in vaccine formulations and 
immunoassays, as biological insecticides, and as expression systems for 
the production of foreign peptides or proteins . 
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AB The K88 fimbriae of enterotoxigenic Escherichia coli are 

strongly immunogenic antigens that can be used to evoke protective 

immunity. To find out whether these fimbriae can be used as 

carriers for foreign epitopes, a high variable region 

present in the primary structure of the different K88 variants was 

replaced with five different heterologous epitopes to investigate to what 

extent these insertions affected the expression, assembly (biogenesis) , 

stability and immunogenic properties of the resulting hybrid 

fimbriae. Amino acid residues 163-173, were replaced using 

site-directed in vitro mutagenesis and the hybrid fimbriae were 

tested for these aspects using ELISA, immunoelectronmicroscopy and 

immunoblotting. Replacement of this highly variable region did not affect 

the biosynthesis of fimbriae, although all mutations tested 

resulted in a reduced expression depending on the epitope inserted. 

Testing of the different hybrid fimbriae with a panel of 

monoclonal antibodies raised against the various K88 serotypes K88ab, 

K88ac and K88ad indicated that replacement of amino acid sequence 163-173 

did not affect conseirved or K88ab specific epitopes but the K88ac and 




K88ad specific conformation was lost. Immunization with hybrid 
fimbriae raises antibodies specific for the inserted heterologous 
epitopes . 
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AB Hypervariable regions (HRs) of the major subunit of Fll fimbriae 
were exploited for insertion of foreign epitopes. Two 

insertion vectors were created that contain a unique cloning site in HRl 
or HR4 respectively. Several oligonucleotides, coding for antigenic 
determinants derived from different pathogens, were cloned in both 
insertion vectors. Hybrid fimbrial subunits were generally shown to be 
assembled in fimbriae when the length of the inserted peptide 
did not exceed 14 amino acids. The inserted peptides appeared to be 
exposed in the fimbrial content. One hybrid fimbrial protein induced 
detectable levels of antibodies against the inserted epitope if injected 
into mice. 
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AB The present invention is directed to recombinant baculoviruses which 

encode fusion polyhedrin proteins capable of forming occlusion bodies 
containing foreign peptides. The recombinant baculoviruses of the 
invention are formed by insertion into or replacement of regions of the 
polyhedrin gene that are not essential for occlusion body formation, 
with foreign DNA fragments by recombinant DNA techniques. The- 
recombinant occlusion bodies produced in accordance with the present 
invention have uses in vaccine formulations, immunoassays, 
immobilized enzyme reactions, as biological insecticides, and as 
expression vectors. 
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